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We have carefully read and processed the suggestions made by the referees in two
comments of the interactive discussion. As a result, we have deeply revised the
manuscript and improved the results by introducing new data and analyses. Below is
our response and actions taken for every referee comment:

Report #1
The referee urged us to extend the impact and applicability of our results by in-
troducing data from other locations. We have followed the suggestion and looked
for two other places with clear different atmospheric characteristics as Lindenberg
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(LIN), in Germany and Ny-Ålesund (NYA), in the Svalbard Islands, Norway. We have
also considered now separately the two locations at the Canary Is. (Roque de los
Muchachos Observatory, ORM, at 2300 masl, and G"u’imar, GUI, at sea level). In
summary, we have repeated the analyses at 4 different locations with equivalent
dataset. The new data come from the GRUAN project. We have modified the Sec. 1.2
(Locations and datasets) and the map in Fig. 1 to include the details of the new sites.
The title has also been slightly changed, removing ’Canary Islands’, as the results
includes now more sites.

Regarding the concern about the simultaneous use of data from the RS80 and RS92
sondes in the analyses. Some of the plots in the paper, as the Figs. 6 and 7, include
all the data together. Nevertheless, now we have specifically indicated the range
covered by each sonde type or location and we have not detected any inhomogeneity
in the results. Any case, this was also a concern for us and one of the motivations
for separating the locations at the Canary Is., as the RS80 data are only coming from
the unique campaigns carried out in the ORM 20 years ago. In summary, now the
RS80 and RS92 data are being treated as different samples, but no extra analyses
have been carried out as we have not found inhomogeneities between them. We have
included a new subsection (1.3 Instrumental setup) to discuss deeper this and other
aspects of the sondes.

Another major comment by the referee was about how we have included the time lag
delay of the RH sensors in our method. We have included a discussion of this issue
in the Sec. 1.3 Instrumental setup. The sensor response time increases significantly
in the upper troposphere for temp< −68C, that is reached typically above 10000 m,
where the water vapour mixing ratio drastically drops, reducing the contribution to the
total integrated PWV. On the other hand, we can assume an uniform distribution in
water vapour in the upper troposphere for the time delay. Under these conditions,
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the time lag has the effect of smoothing the signal, reducing the dispersion, but not
significantly moving the average and, therefore, not impacting in the total PWV in the
column. This discussion has been included now in the paper.

From the point of view of the sub-sampling minimization process, we have proposed
two different procedures to carry out the sub-sampling, one faster, taking one point
in two, one in three, etc., and the other, by taking n, n-1, n-2, ... points per iteration,
with more impact in the upper layers. We have found no differences between both
approaches, unless for the very low resolution profiles.

The next major comment is noting that the use of only the standard levels to validate
the model is a too pessimistic assumption. Actually, the original idea was to validate
the estimated errors under the most unfavourable conditions. We agree with the
referee that by using only the standard levels is not the most useful case and, following
the suggestion, we have also processed the significant levels for the sample from
GUI. Additionally, we have included the equivalent dataset from the repository of
Wyoming. The new results are in a modified version of the last figure (Fig. 8) and in
the discussion of Sec. 5.4, ’Validation for poorly sampled radiosonde data’.

The minor comments has been also taken in consideration. In particular, the last
line of the abstract has been removed now as it has become obsolete after the new
re-analyses. On the comment about the RH uncertainties on RS80. This is, in fact,
the uncertainty documented by Vaisala. But, besides the discussion above on the
homogeneity of the results from RS80 and RS92, we have also asked the team who
released the balloons in that particular research campaigns at ORM (RS80) to confirm
weather the calibrations and redundancy procedures were properly carried out. Any
case, as previously suggested by the referee, we have now treated the sample with
RS80 as a separate location (that actually is the less rich dataset) and, therefore, it
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would be not impacting the method.

Report #2
The second referee showed strong doubts on the validity of our previous uncertainty
propagation. This lead us to reconsider all our equations for the uncertainty compo-
nent in the error and we think that this supposed an unique opportunity to improve
the method. The main concern of the referee was on the validity of our approach for
uncertainty propagation in the trapezoidal sum. We agree now with he/she and we
have rewritten the final equations and going with more detail in an appendix section. In
fact, our approach did not take into account what actually is a binning effect because
of the double sum of each intermediate value, that are shared by two bins. This effect
may also be read in terms of a full correlation between the upper part of one bin
and the lower part of the next one. The new equations are now in the Sec. 3.1. We
have followed the referee approach, that rearrange the summation to avoid the double
contribution. In this way, the other binning correlations between adjacent levels, as the
ones with saturation water vapour coefficients, are overcome in the final propagation.

We agree now with the referee in his/her doubts about the true of the assumption that
the uncertainty increases with the number of sample levels. Using the new equations
described above this is not true as, actually, the contribution of each measurement
to the total PWV also decreases. But this is because we were considering only a
variance component in the uncertainty. We have gone deeper with the correlation
effects in the PWV summation and also considered the autocorrelation of the mixing
ratio between each level and the incomings. We have discussed this in a new sub
section (Sec. 3.2) and the modeled covariance component included in the new results.
The results of the fitted exponential autocorrelation pressure lags obtained for each
site are also considered in the discussion of the results, in the sub section 5.1, in terms
of the WV distribution for each location.
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One interesting consequence of the inclusion of the empirical covariances is that we
have found a few outliers in the dataset of NYA, where the method found a limit. This
particular points showed strong differences with the average WV vertical distribution
in winter time, probably as a results of its latitude ≈ 80N. For these cases the method
must be specifically calibrated.

The referee pointed out another doubt on the approximation pi − ei ≈ pi. We have
checked again this assumption and found differences less than 1e-6 in the final PWV
content.

Finally, following a suggestion by the referee #1, we have now increased the potential
impact of the method considering four different locations separately. In this sense, as
pointed by the referee #2, the equations proposed for the Canary Is in the previous
version have been rejected. Moreover, in the new results, there are no so clear
correlation between the error and the total PWV.

Final comments
Following the referees points, we have corrected several parts of the manuscript that
we detail for each section here:

Title
We have rejected Canary Is. now from the title, as we are presenting results for other
sites.

Abstract (modified)
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New results included and reference to the 4 sites now considered. Rejection of the
reference to the particular equations for Canary Is. with the previous calculation.
Some other minor corrections.

1. Introduction (modified)
Minor corrections in the first general introduction. Added reference to the new four
sites in 1.1 ’Rationale and objectives’. Added detailed info of the new sites in 1.2
’Locations and datasets’. Added new subsection with a more detailed discussion on
the Instrumental setup (1.3)

2. PWV from radiosondes No changes.

3. Error budget for PWV radiosonde data (modified)
Inclusion of the covariance component. Correction of the variance component of
the uncertainty propagation removing the binning correlation in sec. 3.1 ’Uncertainty
propagation. Variance component’. New sub section 3.2 ’Uncertainty propagation.
Covariance component’. The sampling error equation has been written in a general
form with coefficients a0 and a1 in 3.3.

4. Optimized error No changes.

5. Results (modified)
Included a statistical summary of the PWV results. Separate sub sections for the
discussion of the results of the autocorrelation exponential decay model and the
sampling model for each site (5.1 and 5.2). Some changes in sub section 5.3 ’Final
errors’. Results updated. Previous equations specifically for Canary Is. rejected. NYA
outliers discussion included. Added the reference to the other datasets with less levels
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now included (Significant levels and Wyoming) in sub section 5.4 ’Validation for poorly
sampled radiosonde data’

6. Conclusions (modified)
Adaptations to the new results.

Appendices (modified)
Added the uncertainty propagation for the trapezoidal sum. Included the full data
output tables from the 4 sites.

Figures (modified)
All the figures have been recalculated or adapted to the new dataset. New map. There
are 2 new figures with the empirical parameters fitted for each location.

Interactive comment on Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-350, 2016.
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